Activation of the p53 network plays a central role in the inflammatory stress response associated with ulcerative colitis and may modulate cancer risk in patients afflicted with this chronic disease. Here, we describe the gene expression profiles associated with four microenvironmental components of the inflammatory response (NO .
Introduction
Inflammatory responses caused by infectious and noninfectious external factors induce reactive oxygen and nitrogen species. ), and peroxynitrite (ONOO À ). To reduce the level of reactive oxidants and limit their damaging effects (particularly to DNA, RNA, proteins, and lipids), several defense mechanisms have evolved. One of the genes at the crossroads of cellular stress response networks is p53, a prominent tumor suppressor (reviewed in refs. 1, 2). Chronic infections and chronic inflammatory diseases, such as ulcerative colitis, result in a prolonged oxidative and nitrosive stress and an increased cancer risk (reviewed in ref. 2 ). Recently, we described the role of p53 activation in NO .
-induced cellular stress (3) and chronic inflammation (4) . We have also reported a positive correlation between elevated levels of the inducible nitric oxide synthase (iNOS) and increased TP53 mutation load in chronically inflamed colon tissue from patients with ulcerative colitis (5) and other chronic inflammatory diseases (6) . We, therefore, hypothesized that the inflammatory microenvironment both activates the p53 network and inactivates the tumor suppressor activity by mutation of the p53 gene (7) . TP53 mutations contribute to clonal cellular expansion and genomic instability through deregulation of cell cycle checkpoints, DNA repair, and apoptosis (8, 9) . Free radicals, as well as hydroxyurea, can also lead to DNA replication stress involving the ATR kinase network (10, 11) .
In addition to reactive oxidants, the microenvironmental changes within inflamed tissues are typically associated with hypoxic conditions, in which oxygen tensions <10 mm Hg (i.e., <1% oxygen) have been reported (12) . Thus, hypoxia is an additional cell stress mediator concurrently found during chronic inflammation. Hypoxia leads to stabilization of the transcription factor HIF-1a and induces p53 accumulation and activation through the ATR kinase (13) . Thus, p53's protective functions are also required to control the cellular response to hypoxia, and cells with mutated TP53 may have a growth advantage (reviewed in refs. 2, 14) . Beyond the cellular stress caused by reduced oxygen, lactate and metabolic acidosis accumulate, contributing to cellular stress (15) . Thus, cellular stress is a multifaceted condition generated by free radical species, hypoxia, and other factors that target the nuclear factor-nB (NF-nB) and other stress response networks (16) .
Microarray-based gene expression analysis offers the opportunity to profile the gene expression changes in cells exposed to stress. In the present study, we exposed HCT116 and its isogenic HCT116 TP53 À/À colon cancer cell line to the NO . donor Sper/NO, H 2 O 2 , hypoxia, or hydroxyurea and assessed gene expression. That study design enabled us to compare the gene expression response of isogenic cells differing in TP53 status with four different stress conditions frequently found during chronic inflammation. Those stress conditions have at least one factor in common: activation of the p53 network. The transcriptional effects of that activation were addressed by two different analytic approaches. In the first, we analyzed gene expression during the stress response in HCT116 cells, which have functional p53 networks. In the second approach, we analyzed differences in gene expression between the two nominally isogenic genotypes, resulting in the identification of known and novel p53 transcriptional targets.
Materials and Methods
Cell culture and exposures. HCT116 and HCT116 TP53 À/À colon cancer cell lines, a kind gift from Bert Vogelstein (Johns Hopkins School of Medicine, Baltimore, MD), were maintained in McCoy's 5A medium containing 10% fetal bovine serum, 4 mmol/L glutamine, 10 units/mL penicillin, and 10 Ag/mL streptomycin (Biofluids, Rockville, MD). Cells were seeded at f7 Â 10 4 /mL, grown to 70% confluence, and exposed to freshly prepared 1 mmol/L Sper/NO (Alexis Biochemicals, San Diego, CA), 0.1 mmol/L H 2 O 2 , 1.5 mmol/L hydroxyurea or hypoxia (Anaerocult A-mini, EMD Chemicals, Gibbstown, NJ). The Anaerocult A-mini system generates O 2 concentrations <0.5% and CO 2 concentrations >10% within 60 minutes. O 2 concentrations <0.1% are reached after 160 minutes (17) . 6 Hypoxic conditions were confirmed using indicator strips (Anaerotest, EMD Chemicals). Cells were harvested at the specified time points.
Whole cell lysate and Western blot analysis. Cells lysates (4) were separated by SDS-PAGE, transferred onto nitrocellulose, and analyzed using the following antibodies: monoclonal anti-human p53 (DO-1 clone, Calbiochem, San Diego, CA), polyclonal anti-human p53 phospho-Ser 15 (Cell Signaling, Beverly, MA), and monoclonal anti-human actin (clone C4, Roche Diagnostics, Indianapolis, IN). The Western blot bands were quantified by densitometry using AIDA/2D Densitometry 2.0 software (Raytest, Wilmington, NC).
RNA isolation, microarray hybridization, data analysis, and validation by quantitative reverse transcription-PCR. Total RNA was isolated using Trizol reagent (Invitrogen, Carlsbad, CA) according to the manufacturer's instructions. A detailed description of the microarray hybridization, data analysis, and validation experiments is available in the Supplementary Notes.
Briefly, fluorescence-labeled cDNA (Cy3 and Cy5) was generated using 20 Ag total RNA. Cy3-labeled reference probes (0-hour time points) and Cy5-labeled probes (samples exposed for the indicated times) were hybridized to 70-mer oligonucleotide microarrays with 21,329 probes (Qiagen Human Array-Ready Oligo Set, version 2.0). The arrays were printed by the Advanced Technology Center at the National Cancer Institute. At least two hybridizations (range, 2-5) were done for each sample. We used the following software for data analysis: BRB Array Tools developed by Dr. Richard Simon and Amy Peng Lam (http://linus.nci.nih.gov/BRBArrayTools.html), High-Throughput GoMiner (18) , and PathwayAssist (Iobion Informatics, LLC, La Jolla, CA). To identify putative p53-responsive elements in selected candidate genes, we used a newly constructed position weight matrix. For data validation by quantitative reverse transcription-PCR (RT-PCR), 10-Ag samples of total RNA, isolated from independent exposure experiments, were reverse-transcribed using the High-Capacity cDNA Archive Kit. The amplification was done using Taqman Universal PCR Master Mix and predeveloped 6-FAM dye-labeled Taqman assays (Assays-on-Demand, Applied Biosystems, Foster City, CA) for the following genes: SNK (PLK2), CDKN1C, POLE2, CPE, CNK (PLK3), PMAIP1, RAI3, and DDB2. VIC dyelabeled human h-actin was used as external control.
Flow cytometry. Cells were labeled with 10 Amol/L bromodeoxyuridine (BrdUrd, BrdU) during the last 30 minutes of a 24-hour exposure. Staining with FITC-conjugated anti-BrdUrd antibody (BD Biosciences, San Jose, CA) and propidium iodide (Sigma-Aldrich, St. Louis, MO) was done as previously described (4) Fig. 2A -treated cells, at 4 hours for H 2 O 2 , and at 12 hours for hydroxyurea-and hypoxia-treated cells. The third time point was 24 hours of exposure for all conditions. We did not observe any significant toxicity from any of the treatments over the 24-hour period of exposure. Treatment-specific gene expression profiles. Genes significantly modulated by each exposure were identified by BRB Array Tools using class comparison analysis with univariate F test (P < 0.001) and a global permutation test (P < 0.004). For this analysis, each time variable was considered a class, and each exposure type was analyzed separately. There were 1,997 genes modulated by NO . , 838 genes by H 2 O 2 , 1,054 genes by hydroxyurea, and 1,652 genes by hypoxia. Figure 2A shows a dendrogram of hierarchical clustering of the samples based on the 4,047 genes identified by F tests as modulated by at least one of the exposure types. The hybridization replicates for each condition cluster together, indicating reproducibility of the data across arrays. The modulated genes clearly distinguish ''early-response'' and ''lateresponse'' samples ( Fig. 2A) . The early-response branch includes the 4-hour H 2 O 2 and all 1-hour samples, subdivided into the four treatments. The late-response branch includes all 8-, 12-, and 24-hour exposures and discriminates hydroxyurea-or H 2 O 2 -treated cells from NO .
-or hypoxia-treated cells. As an indicator of the robustness of the clustering, we computed the ''R'' measure after the dendrogram was cut into three clusters ( Fig. 2A , dashed horizontal line). The R measure of 1.0 indicates that the clustering is highly robust and emphasizes that the pattern of gene modulation is unique to each exposure type. Of note, unbiased selection of 3,367 genes filtered for log ratio variation >0.01 and no more than 5% missing values across all experiments, resulted in similar discrimination of early versus late responses and overall similarity of response between hypoxia and NO . as well as between hydroxyurea and H 2 O 2 ( Supplementary Fig. 3 ).
The ''uniqueness'' of each stress condition is also highlighted by the Venn diagram in . were down-regulated. Similarly, 61% (648 of 1,054) of the genes were down-regulated by hydroxyurea and 54% (455 of 838) by H 2 O 2 . The gene expression profiles of cells exposed to hypoxia differed from those of the other three treatments; only 21% (343 of 1,652) were down-regulated.
Using PathwayAssist, we further analyzed the 40 genes whose change was common to all four exposures (Venn diagram, center, Fig. 2B ). The analysis looked for the shortest paths connecting genes with each other or with different types of nodes (e.g., enzymes, cellular processes, or functional classes). The resulting Biological Association Network (BAN) is presented in Fig. 3 . Early-response genes JUN and FOS, as well as p53, were incorporated into the BAN occupying central places. Cellular processes, such as apoptosis, death, and proliferation, were also identified and incorporated into the network (highlighted). So were the nodes for ''hypoxic treatment''as well as the ''HIF-1 complex.'' The 40 genes regulated in common by all stress conditions are associated with many of the cellular networks (including the p53 network) known to be involved in responses to severe stress.
To facilitate interpretation of the significant time course-related genes from the four exposures, as determined by F tests, we used High-Throughput GoMiner, a program that organizes genes of interest in the context of the Gene Ontology (19) . That program enabled us to focus on groups of genes with similar functions or genes involved in the same network (18) . A hierarchical clustering of the resulting Gene Ontology categories is depicted in Fig. 4 . Several of the categories were affected only by NO
. and hypoxia (upper third of the category clusters). That observation supports the close relationship between NO
. and hypoxia detected in the previous analysis ( Fig. 2A) Cell cycle analysis by flow cytometry ( fluorescence-activated cell sorting). Gene Ontology analysis indicated that cell cycle regulation was a prominent feature for all exposures. Therefore, we analyzed cell cycle and DNA synthesis profiles in TP53 wt and TP53 À/À cells at the end of each exposure ( Fig. 5A and B) . As expected, hydroxyurea resulted in S-phase arrest, with >65% BrdUrd incorporation in TP53 wt and TP53 À/À cells compared with f35% in the respective untreated cells. In contrast, H 2 O 2 led to G 2 -M arrest, more pronounced in the TP53 À/À cells than in the TP53 wt ones. That pattern is typical for DNA-damaging agents. The preferential bypass of G 1 arrest and increase in G 2 -M arrest observed is also typical for DNA damage response in p53-deficient cells. Very significant changes in the cell cycle profile were observed after NO
. exposure as well. There was a pronounced decrease in BrdUrd incorporation in cells with S-phase DNA content, a condition previously described as quiescent S phase (4, 15) , along with a significant arrest in G 2 -M. The effect of hypoxia was similar to that of NO . , with a complete loss of active (BrdUrd positive) S-phase and G 2 -M arrest.
p53-dependent gene expression profiles. To examine further the contribution of p53 activation to gene expression following different types of cellular stress, we did pairwise comparisons between gene expression in HCT116 and HCT116 TP53 À/À cells for each time point and each treatment, using the univariate twosample t test (P < 0.001) with randomized variance. A total of 842 genes, of which 399 were induced, were differentially expressed in a p53-dependent way upon NO . exposure. The other three treatments resulted in fewer genes differentially expressed in a p53-dependent way. Exposure to H 2 O 2 resulted in the differential expression of 272 genes, of which 187 were induced. Exposure to hydroxyurea resulted in the differential expression of 283 genes, of which 184 were induced, and exposure to hypoxia resulted in the differential expression of 315 genes, of which 177 were induced. Altogether, a total of 1,396 single genes were affected in a p53-dependent way by at least one of the four exposures, and 746 of them were induced. The 746 up-regulated genes contained 28 of a list of 53 previously reported p53 transcriptional target genes (Supplementary Table 1 ). That constituted a 15-fold enrichment over random chance. The highest frequency of known p53 target genes (19 of 187, 10.2%) was observed in response to H 2 O 2 . There was specificity within the p53 transcriptional response in that some of the known p53 target genes were induced by only one treatment. For example, GADD45A and TP53I11 (PIG11) were induced by NO . ; GPX1 was induced by H 2 O 2 ; APAF1 was induced by hydroxyurea; and IGFBP3 was induced by hypoxia.
To assess the overall contribution of p53 activation, we used the set of 1,396 genes found to be p53 dependent in at least one of the individual t tests to generate a sample cluster tree ( Supplementary Fig. 4) , based on the array replicates, time points, and stress conditions (as in Fig. 2A ). The resulting cluster tree showed remarkable similarities to the dendrogram consisting of genes that changed significantly over the time course (F test, Fig. 2A ). Hybridization replicates of each condition clustered together. The arrays that defined ''early'' and ''late'' responses in Fig. 2A were similarly grouped, and there were consistent modulations of gene expression over time across the different types of exposure. The relationships between NO
. and hypoxia and between hydroxyurea and H 2 O 2 seen in Fig. 2A were also preserved. Hierarchical clustering of samples from the intermediate time points based on the same 1,396 p53-dependent genes yielded the expected discrimination between TP53 wt and TP53 À/À genotypes (data not shown).
As indicated in Fig. 2A , the temporal pattern of gene modulation was quite consistent, regardless of type of exposure. However, each exposure type was always clearly discriminated from the others, suggesting a degree of specificity in the p53-mediated transcriptional response. That specificity was further evidenced by the Venn diagram in Fig. 6A , which was generated using all 1,396 p53-dependent genes. Only a small fraction of genes were modulated in two, three, or all four p53-mediated gene expression profiles. This observation is consistent with Fig. 2B , in which genes modulated by all exposures, regardless of p53 dependence, were similarly grouped. wt . For calculation of the robustness index, the cluster was cut into three trees as indicated by the black-dashed horizontal line (R index = 1.0 for each tree). B, Venn diagram depicting the number of overlapping or treatment-specific genes identified by F test as changing significantly over the time course for each exposure. There are 40 genes whose expression overlaps with all four exposures. C, hierarchical clustering of the 40 genes from the center of the Venn diagram, using all TP53 wt hybridization replicates for each time point and treatment. Unigene number, gene name, and description (right ). Color-coded degree of expression (0.2-to 5-fold) relative to the untreated samples (top right ). D, the total number of significant differentially expressed, nonoverlapping genes of each treatment (F test) is divided into up-regulated (white columns ) and down-regulated (black columns ) genes.
The 14 genes in the center of the Venn diagram in Fig. 6A are listed in Fig. 6B together with a dendrogram generated using the array replicates corresponding to the maximum p53 accumulation by Western blot (Fig. 1) . The majority of genes in the group are p53 target genes and showed varying degrees of p53-dependent upregulation [BTG2, DDB2, FDXR, p53CSV (HSPC132), PLAB, SESN1, and SNK (PLK2)]. In addition, DKK1, another p53 target gene, was induced by NO . , H 2 O 2 , or hydroxyurea, but repressed by hypoxia at 24 hours (data not shown). The general consistency of those results suggests that the data set and t test analysis may be useful in the identification of new p53 target genes.
The total number of genes differentially expressed (induced or repressed) in a p53-dependent manner for each time point and exposure type is depicted in Fig. 6C . As expected, there was a trend toward an increasing number of genes with time of exposure.
It was also clear from these diagrams that the kinetics of p53-mediated gene expression is specific to each exposure type. More than 80% of the genes differentially expressed by 1 hour of exposure to NO
. were repressed, whereas almost 90% of the genes differentially expressed by 1 hour of exposure to hypoxia were induced. Those proportions were very similar to changes in gene expression found by the F test (Fig. 2D) . They indicate that signal transduction pathways intersecting with p53 transcription are uniquely activated upon each type of stress exposure. The proportions of induced genes are maximal at the same time point that showed maximum accumulation of p53 protein by Western blot (Fig. 1) .
The identity and fold expression change of the top 20 most up-regulated or down-regulated genes for each of the four stress conditions are shown in the Supplementary Table 2A-D. Greater expression changes were observed with NO
. and hypoxia than Novel candidate p53 target genes. Well-characterized p53-responsive genes usually contain p53-binding sites within either their promoter or their first intron sequences. The p53-responsive element (p53RE) has been defined as two decamers of the palindromic consensus sequence RRRCWWGYYY (where R is a purine, W is adenine or thymine, and Y is a pyrimidine) separated by a 0-to 13-bp spacer. Because of the degeneracy of this sequence, it has been difficult to reliably identify p53RE in the regulatory regions of genes solely based on adherence to the consensus sequence. A novel approach uses the so-called position weight matrix (PWM) method (20) . We have developed an algorithm based on a PWM generated by combining 34 experimentally validated p53RE (Supplementary Table 1 ) from genes known to be transcriptional targets of p53. That PWM was applied to all genes in the center of the Venn diagram in Fig. 6A (genes modulated in a p53-dependent manner by all four stresses). All previously validated p53REs within that set of genes were found by the PWM algorithm. Most interestingly, novel putative p53REs were found in the predicted protein KIAA0247, the putative exonuclease FLJ12484, the recently identified p53CSV (HSPC132), and the serine-threonine kinase CNK (PLK3). The sequences of the putative p53REs in those genes are provided as Supplementary Table 3 . Validation of the putative p53 target genes is currently under way in our laboratory. 
Discussion
The microenvironment of chronic inflammation can initiate carcinogenesis and drive tumor progression and metastasis (reviewed in ref.
2). The inflammatory microenvironment both activates the p53 network and inactivates the tumor suppressor activity by mutation of the p53 gene (reviewed in refs. 2, 7, 21) . We have selected four critical microenvironmental components, free radicals (NO . and OH .
), hypoxia, and DNA replication stress, and investigated their p53-dependent effects on gene expression. Global gene expression profiling of TP53 wt and isogenic TP53
À/À cells provides insight into a variety of cellular stress responses likely to occur under pathophysiologic conditions, such as ulcerative colitis (5, 22) , that are associated with p53 activation. Differentially regulated genes. Analysis of the time courserelated genes (F test) revealed that the majority was downregulated following cellular stress induced by NO . , H 2 O 2 , and hydroxyurea exposure. Similar down-regulation has been reported for H 2 O 2 in other cell types (23, 24) . Interestingly, the opposite was true for the cells under hypoxic conditions, which led to upregulation of up to 80% of the genes in our study and others (25) . Hypoxia-related induction of transcription factors like HIF-1a and NF-jB may contribute to the higher proportion of genes upregulated by that exposure than by the others.
Analysis of p53-dependent gene expression profiles (t test) showed that 30% to 80% of genes modulated by NO . , H 2 O 2 , or hydroxyurea were repressed. In this regard, two recent microarraybased studies showed down-regulation of 50% of p53-responsive genes following cell cycle arrest and apoptosis in a TP53-transfected human lung carcinoma cell line (26) and a human ovarian cancer cell line (27) . Although p53 is believed to function primarily as a sequence-specific transcriptional activator in the G 1 and G 2 phases of the cell cycle (28), it also mediates a variety of downstream functions by repressing target genes (29) . In fact, it is estimated that up to 80% of p53-responsive genes are repressed rather than activated (30) . Although p53 transactivator functions are far better understood, our understanding of p53 translational repression functions has improved in recent years. Three general mechanisms have been proposed (reviewed in ref. 31) . First is the inhibition of recruitment of DNA-binding transcriptional activators, such as HNF-3, by competitive interference with p53. Second is the interference with the basal transcriptional machinery, as is the case for repression of CYCLIN B2 by p53. We observed p53-mediated translational repression of CYCLIN B2 only in cells exposed to NO . . Third is repression by p53 of target promoters through alterations of the chromatin structure (chromatin remodeling). With regard to the third mechanism, inhibition of histone deacetylases resulted in the loss of p53-dependent repression of MAP4, b-TUBULIN, and SURVIVIN. We previously showed p53-dependent down-regulation of SURVIVIN in human lymphoblastoid cells exposed to NO
. (3) . These three mechanisms of p53 translational repression can also act in combination (32). p53-dependent gene repression is also involved in negative feedback loops, including the iNOS (33) and the CHEK2 (34) genes. Although the evidence for binding through p53RE as a mechanism for transcriptional repression is generally weak, p53 consensus DNA-binding sequences have been found among genes repressed in a p53-dependent manner (26, 27) . We are currently searching for such p53REs in the upstream sequences of genes down-regulated in our microarray study. We also found increased expression of 28 of 53 (53%) previously described up-regulated p53 target genes (Supplementary Table 1) among 746 genes up-regulated in a p53-mediated way as identified by t test. Included were p21 (CDKN1A) and others associated with G 1 cell cycle arrest, as well as known apoptosis-related genes, such as NOXA and BAX. Those results are consistent with the role of p53 in the response to NO .
-induced DNA damage (3) . One of the TP53-dependent genes, WIG1, was up-regulated by H 2 O 2 , hydroxyurea, and hypoxia. WIG1 is a target for BMI1, recently found to be required for hematopoietic stem cell self-renewal (35) . Like WIG1, BMI1 regulates additional survival and proliferation genes, such as p19 ARF and p16 INK4A . Its expression is reported to be increased in colon cancers (36) . Those observations provide a potential link of TP53 function to stem cell renewal. The role of p53 in maintenance of normal and cancer stem cells is not known and warrants further investigation. hydroxyurea-and H 2 O 2 -induced stresses. For example, the teratogenic and toxic effects of hydroxyurea are likely to be mediated by free radicals (47) . Hydroxyurea may also induce site-specific DNA damage by the formation of H 2 O 2 and NO . (48) . Those prior observations suggest that hydroxyurea is likely to cause cellular and DNA damage by the formation of oxyradicals. The similarity of our gene expression profiles between hydroxyurea and H 2 O 2 indirectly supports that hypothesis.
Functional validation of gene expression by cell cycle analysis. Consistent with the statistical analysis of gene expression, our cell cycle study also indicated similarities between the responses evoked by NO
. and hypoxia exposures. Both exposures led to pronounced decrease in BrdUrd incorporation into cells with S-phase DNA content, a condition previously described as quiescent S phase (4, 15) , as well as G 2 -M arrest. Loss of BrdUrd incorporation was previously reported to occur within 30 minutes after exposure to NO
. (4) . Such a rapid decrease in BrdUrd incorporation suggests that NO
. has a direct effect on DNA synthesis. NO
. has been linked to depletion of the nucleotide pools (49) via a direct effect on enzymes such as the p53-dependent ribonucleotide reductase (RRM2B), which is involved in DNA repair and synthesis (reviewed in ref. 50 ). We found that RRM2B mRNA is decreased in TP53
À/À cells following exposure to NO .
. The shortage of deoxynucleotides, caused by direct and indirect effects on ribonucleotide reductases and other oxygen-dependent enzymes, such as dihydroorotate dehydrogenase, can also induce rapid S-phase arrest under hypoxia (51) . Attenuated nucleotide pools can also limit DNA repair and increase genomic instability.
High-Throughput GoMiner analysis of TP53wt cells also revealed several cell cycle-related Gene Ontology categories similarly affected by NO
. and hypoxia. The majority of the genes within these categories were down-regulated ( Supplementary Fig. 6 ). Some individual genes in these categories overlapped between NO . and hypoxia. For example, among the genes significantly downregulated by NO
. and hypoxia within the Gene Ontology category ''DNA replication, '' we identified DNA-directed polymerases and the BLM helicase ( Supplementary Fig. 6C ). This feature would be consistent with the appearance of a quiescent S phase. More often, the genes within a category were affected by only one exposure. This is more apparent when p53-dependent gene expression data is analyzed by High-Throughput GoMiner. NO . was the only stress condition with significantly affected genes belonging to the category ''DNA replication'' (and also cell cycle-related categories) in a p53-dependent manner (data not shown).
Inflammation generates a complex, intricate, highly coordinated stress response. Our study comprising only four components of inflammation, NO
. , H 2 O 2 , DNA replication stress (i.e., by hydroxyurea exposure), and hypoxia, highlights that complexity. The p53 network is a major molecular participant in both the generic and particular patterns of gene expression, consistent with the known diversity in outcomes resulting from p53 activation in response to different stimuli by transactivating and translationally repressing target genes (1, 29) . We found a few gene expression responses common to all four exposures, but a much larger number were idiosyncratic. Our observations also suggest that there is a common profile of early-response genes that are activated upon acute cellular stress, preceding a stress-specific response. Lastly, the pool of p53-dependent genes provides a resource for identifying potential novel biomarkers of the p53-dependent inflammatory response.
